Constitutive activation of opsin by mutation of methionine 257 on transmembrane helix 6.
Rhodopsin is a member of the large family of G protein-coupled receptors (GPCR's). Constitutive activity of GPCR's, defined as ligand-independent signaling, has been recognized as an important feature of receptor function and has also been implicated in the molecular pathophysiology of a number of human diseases. Rhodopsin has evolved a unique mechanism to minimize receptor basal activity. The chromophore 11-cis-retinal, which acts as an inverse agonist in rhodopsin, is covalently bound to the receptor to ensure extremely low receptor signaling in the dark. In this study, we replaced Met257 in TM helix 6 of opsin with each of the remaining 19 amino acids. Only mutant opsin M257R failed to be expressed in COS-cell membranes. Each of the remaining 18 mutant opsins, with the exception of M257L, was significantly constitutively active. Two mutants in particular, M257Y and M257N, displayed very high levels of constitutive activity. In addition, the double-site mutants with substitutions of both Met257 and Glu113 in TM helix 3 tended to be much more constitutively active than the sums of the activities of the individual single-site mutants. Based on existing structural models of rhodopsin, we conclude that Met257 may form an important and specific interhelical interaction with a highly conserved NPXXY motif in TM helix 7, which stabilizes the inactive receptor conformation by preventing TM helix 6 movement in the absence of all-trans-retinal. Furthermore, we are able to show that the pharmacological properties of the large number (approximately 50) of mutant opsins that we have characterized to date support the two-state model of GPCR function. These results suggest that rhodopsin and other GPCR's share a common mechanism of receptor activation that involves specific changes in helix-helix interactions.